INTRODUCTION The aim of this study was to use variable life-adjusted display (VLAD) methodology to monitor performance of six vascular surgeons undertaking carotid endarterectomy in a single institution. MATERIALS AND METHODS This was a prospective study with continuous analysis. A risk score model to predict 30-day stroke or death for individual patients was developed from data collected from 839 patients from 1992 to 1999. The model was used to monitor performance of six surgeons from 2000 to 2009. Individual risk factors and 30-day outcomes were analysed and VLAD plots were created for the whole unit and for each surgeon. RESULTS Among the 941 carotid endarterectomies in the performance analysis, 28 adverse events were recorded, giving an overall stroke or death rate of 3.06%. The risk model predicted there would be 33 adverse events. There was no statistical difference between the predicted and the observed adverse events (P > 0.2, 2 value 1.25, 4 degrees of freedom). The VLAD plot for the whole unit shows an overall net gain in operative performance, although this could have been chance variation. The individual VLAD plot showed that surgeons 1, 2, 3 and 6 to have an overall net gain in the number of successful operations. The changes observed between the surgeons was not significant (P > 0.05) suggesting chance variation only. CONCLUSIONS Performance of carotid endarterectomy can be continuously assessed using VLAD methodology for units and individual surgeons. Early identification and correction of performance variation could facilitate improved quality of care.
Introduction
There is growing pressure for more widespread introduction of methods for monitoring outcomes. 1 The 30-day stroke or death rate for carotid endarterectomy varies from 2% to 20% for individual surgeons. 2 A high stroke or death rate can be from chance variation or because of high patient risk factors. Any reasonable comparison between surgeons and units should adjust for these factors. Early identification of substandard performance might aid surgical units to implement necessary steps to reduce stroke or death rates. 3 Measures to monitor performance continuously, as opposed to yearly or quarterly auditing of outcomes, can provide instant feedback.
The most simple form of continuous performance monitoring is the cumulative sum plot (CUSUM). 4 Cumulative mortality is plotted against number of operations and the slope of the curve reflects performance. CUSUM does not adjust for case mix; to compensate for this factor, the difference between the expected mortality (calculated using a risk model) and the observed mortality is plotted against the number of operations. This plot gives a jagged curve that ascends for each surviving patient and descends for each death. The size of the rise or fall depends on the individual risk factors: the higher patient risk the less the curve descends if there is a death. Equally, the curve rises higher if the patient survives. This method of analysis, known as variable life adjusted display (VLAD), 5 has been used widely for quality control purposes. 6 VLAD methodology has been recently improved to allow the likelihood that a departure from the norm could have occurred by chance. 7 The aim of this study was to use VLAD methodology to monitor performance for carotid endarterectomy in a single institution.
Material and Methods
A model to predict the risk of adverse events for individual patients was developed from data collected for 839 patients undergoing carotid endarterectomy from 1992 to 1999 inclusive. A postoperative adverse event was defined as death or non-fatal stroke within 30 days of carotid endarterectomy. Surgery was performed by one of five surgeons at two units. A risk model was devised in a previous study based on 67 possible risk factors and outcomes. 8 Multivariate logistic regression analysis was carried out to develop a risk factor model, which was later converted to the risk score model. The risk model was used to monitor performance of surgeons on prospectively collected data. For this exercise, data from consecutive carotid endarterectomies performed by six surgeons from 2000 to 2009 were available, including the appropriate risk factors and 30-day outcomes. VLAD plots were created for each surgeon and for the whole unit. The expected values were derived from the risk score and actual outcomes were given a value of 1 if there was a postoperative adverse event and 0 otherwise. The VLAD thus gives an indication as to the net gain (a positive score) or loss (a negative score) in sequential procedures.
The cumulative value of predicted -actual risk for each successive patient was superimposed on the VLAD plot for the entire series and the 95% prediction interval for the whole unit calculated. The prediction intervals were calculated by assuming that under the null hypothesis the distribution of the VLAD would be approximately normal, with mean zero.
The VLAD plots for each individual surgeon were compared on the same chart. On such a comparison, a single set of prediction intervals would not be appropriate, since they depend on case mix and size of series. Instead, P values were calculated to indicate the probabilities of the VLAD having the observed or more extreme values if the overall performances of the surgeons were as expected from the risk model. Given the model formulation, 6% of the total variance in the VLAD was found to be due to errors in the coefficients of the risk model and the remaining 94% was from random variation in the number of recorded adverse events. For this reason, the coefficient variability was ignored when determining the position of the prediction intervals and the P values.
Results
In the 839 carotid endarterectomies used to generate the initial model, there were 33 adverse events, giving an overall rate of 3.9%. The outcomes of the logistic regression analysis to generate the risk model are shown in Table 1 . Analysis led to a model with three risk factors: the presence of heart disease, a previous stroke and diabetes. A simplified model was tested by defining a risk score equivalent to the numbers of these factors present in each patient. This simplification resulted in no significant loss in goodness of fit ( 2 0.575, P > 0.2 with 2 degrees of freedom). The shrinkage factor 9 was calculated as 0.917, which was used as a multiplier for the risk score coefficient of 0.9044 to produce a final model:
Logit (Risk) = -4.27 + 0.85 (Risk score)
A total of 914 carotid endarterectomies were included in the present performance analysis; 28 adverse events were recorded, giving an overall rate of 3.06%. The risk model predicted that there would be 33 adverse events. There was no statistical difference between the predicted and the observed adverse events (P > 0.2, 2 1.25, 4 degrees of freedom). Comparison of predicted and actual outcome rates by risk score are shown in Table 2 for both sets of patients. The VLAD plot for the whole unit is displayed in Figure 1 . Oscillating about the horizontal axis, overall performance appeared to be as expected for the first 400 procedures. Thereafter, the graph climbs upwards, indicating a gradual net gain in operative success. The VLAD plot for all six surgeons is illustrated in Figure 2 .
Surgeons 1, 2, 3 and 6 showed an overall net gain in the number of successful operations while surgeons 4 and 5 had a net loss. The P values were equivalent to the probabilities of the VLAD having the observed or more extreme values if the overall performance of each surgeon was as expected from the risk model. None of the P values was significant at a 5% level, which suggests that these outcomes could be attributed to chance as opposed to any real change in performance.
Discussion
Performance monitoring and early detection of variance is necessary to improve standards of care. The benefit of carotid endarterectomy for asymptomatic and symptomatic patients with significant internal carotid artery stenosis has been proven by large randomised controlled trials. 10, 11 The number of operations performed in each vascular unit is likely to increase with centralisation of vascular services and the increasingly aged population. Measures should be in place to monitor surgeon and unit performance to deliver the highest quality of care. Performance monitoring tools should adjust for patient level risk factors and should allow for chance variation. The VLAD method provides the necessary features and a graphical display that is easy to interpret. There are some limitations with VLAD methodology. VLAD should not be used repeatedly to identify significant variations. VLAD is not a formal statistical testing procedure; rather, it is a method that assists in processing complex patterns of outcome. VLAD should be analysed with common sense to avoid over interpretation. For example, it might be considered that surgeons 3 and 4 ( Figure 2 ) were performing suboptimally but this was only for transient period. The transient effect was not statistically significant in the overall analysis, so there was no cause for concern.
VLAD plots are generally useful for units that perform large number of carotid endarterectomies. The risk model used for calculating prediction intervals was derived locally and has been internally validated. Ideally, risk models need external validation. A risk model derived from national data -such as the UK national vascular database -could aid in comparative audit using similar techniques to those described in the current study. A dynamic risk model that encompasses changes in current practice will be needed. In the current study, the risk model was developed from data gathered in 1992-1999. Medical management and the urgency of surgery, for example, have changed over this period. Regular checks on the risk model for predictive accuracy will be necessary for future risk models.
The results of the study suggest a possible net gain, particularly in the later interval; however, the improvement could just be chance variation. Similarly, as stated, the difference observed between surgeons could also be due to chance. Plots similar to these provide instant feedback to surgeons about their performance and can identify those with suboptimal results. In the current study, there was no evidence of suboptimal performance among the surgeons. The outcomes of surgeons should be compared with national data before valid conclusions are made about apparent outliers. There is a real need for robust, reliable, transparent and honest data collection in a vascular unit. The outcomes of index procedures should be collected and audited by various members of the team (such as vascular surgeons, data entry clerks, vascular technologists, junior doctors). External 
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members (for example, stroke physicians and those who care for the elderly) should be involved in validation of outcome data. This approach provides resilience and reliability for reporting of outcome data which is recommended to all units. There is considerable debate on which data should be available in the public domain. Public perceptions of complex outcome data like these are often variable and can lead to misleading conclusions. Outcome data of individual surgeons should be treated confidentially and sensitively. The outcome data of vascular units should be available in the public domain. Individual surgeons' results, however, should be audited within the unit and nationally. The review process of outliers should identify methods for outlying surgeons to improve their outcomes. Operating in large volume units rather than isolated smaller units can improve outcome. 12 Decisions on the selection of patients for carotid endarterectomy should be taken within multidisciplinary team, involving stroke physicians, radiologists and anaesthetist. Carotid endarterectomies should be carried out as part of a regular vascular list with experienced vascular anaesthetists and staff. The operative technique of outlying surgeons is probably not the main issue for most surgeons but can be assessed by assigning an experienced mentor. Vascular society guidelines should be adhered for pre-and postoperative care of patients. Risk adjusted assessment of outcome provides clinicians with a true measure of performance. It is possible to obtain good outcome results by merely operating on predominantly low-risk patients. The current study illustrates the use of a risk model for risk adjustment and VLAD plots to aid continuous monitoring of outcome of surgeons and unit. The technique can be used nationally to improve outcome following carotid endarterectomy.
